3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 586 804 A2 



® 



© Application number: 93110077.0 
(§) Date of filing: 24.06.93 



EUROPEAN PATENT APPLICATION 

© int. CIA G02B 26/08, G01C 15/00 



© Priority: 08.09.92 US 941747 


© Applicant: HAMAR LASER INSTRUMENTS, Inc. 


® Date of publication of application: 


1047 Danbury Road 


Wilton, Connecticut 06897(US) 


16.03.94 Bulletin 94/11 






© Inventor: Hamar, Martin R. 


© Designated Contracting States: 


70 Linden Tree Road 


AT BE CH DE DK ES FR GB GR IE IT LI LU MC 


Wilton, Connecticut 06897(US) 


NL PT SE 






© Representative: Misrachi, Alfred 




15, Ch. de la Plantaz 


> 


CH-1024 Ecublens (CH) 



3 

oo 

CO 

oo 
m 



© Laser apparatus. 

© A laser alignment apparatus is provided for gen- 
erating a plurality of mutually perpendicular laser 
beams. The apparatus further includes rotatable 
beam diverters selectively hingedly moveable into or 
out of positions for diverting one of the laser beams. 
The beam diverters may be rotated about an axis 
coincident with the associated laser beam for sweep- 
ing laser planes. The laser planes swept by the 
respective beam diverters are mutually perpendicu- 
lar to one another, and each laser plane is parallel to 
the other beams generated by the apparatus. 
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Laser emitters and photosensitive targets are 
widely used in industry for aligning machine com- 
ponents to one another. The prior art laser emitter 
projects a substantially straight beam toward the 
photosensitive target. The prior art target precisely 
identifies the location of the center of energy of the 
laser beam impinging thereon. Signals generated 
by the prior art photosensitive target can be used 
to accurately identify displacement errors and an- 
gular alignment errors between the prior art laser 
emitter and target. 

The prior art combination of a laser emitter and 
a photosensitive target may be used, for example, 
to aligne a machine tool to a work piece. Displace- 
ment and angular alignment errors between the 
machine tool and the work piece can be deter- 
mined by the prior art laser alignment equipment. 
Available laser alignment equipment also can math- 
ematically convert the error readings into required 
adjustments on either the machine tool or the work 
piece. Correction of such errors ensures more ac- 
curately machined parts, longer tool life and less 
down-time for the machine tool. Very effective laser 
alignment systems for these purposes are dis- 
closed in U.S. Pat. N° 4,566,202 which issued to 
the inventor herein on January 28, 1986 for "LA- 
SER APPARATUS FOR EFFECTIVELY PROJEC- 
TING THE AXIS OF ROTATION OF A ROTATING 
TOOL HOLDER" and in copending patent applica- 
tion Serial N° 427,759 which was filed by the 
inventor herein on October 26, 1989 for "LASER 
ALIGNMENT CONTROL SYSTEM". 

The prior art also has included laser emitters 
which are operative to sweep a substantially flat 
laser plane. A device of this type is shown and 
described in U.S. Pat N° 4,468,119 which issued 
to the inventor herein on August 28, 1984 and 
which is entitled "PENTA-PRISM MODULE HAV- 
ING LASER ALIGNMENT ERROR DETECTION 
AND CORRECTION CAPABILITY". The apparatus 
shown in U.S. Pat. N° 4,468,119 directs a laser 
beam to a penta-prism that is operative to reflect 
an input laser beam internally, and to produce an 
output beam aligned at precisely 90 ° to the input 
beam. The penta-prism of the apparatus shown in 
U.S. Pat. N* 4,468,119 can be rotated about the 
axis of the input beam. Thus, the output laser 
beam from the rotating penta-prism effectively 
sweeps a plane that is perpendicular to the input 
beam. This plane can be used as a reference to 
which the alignment and/or position of other objects 
can be compared. For example, some machines 
are intended to have a plurality of coupled drive 
shafts disposed in end-to-end linear relationship 
defining, for example, the 2-axis. The apparatus 
shown in U.S. Pat. N* 4,468.119 can be used to 
sweep a plane parallel to the specified Z-axis of 
the coupled shafts to be aligned. Photocell targets 



may be fixtured simultaneously or sequentially at a 
plurality of locations along the coupled shafts to be 
aligned, and their respective Y-axis positions rela- 
tive to the laser plane swept by the - apparatus of 
5 U.S. Pat. N° 4,468,119 can be determined. Rota- 
tion of the penta-prism can be stopped to direct the 
diverted laser beam parallel to the specified Z-axis 
of the shafts. The X-axis offsets then can be mea- 
sured. Selected shafts can be adjusted to achieve 

w the required linear alignment. 

Some prior art machines include components 
that should be aligned three dimensionally. For 
example, at least one coupling in the above de- 
scribed system of shafts may have a specified Z- 

75 axis location. The above described laser apparatus 
can be set up at location laterally offset from the 
specified Z-axis location. A beam can then be 
projected parallel to the X-axis, and the position of 
a target mounted on the coupling can be deter- 

20 mined. Similar alignment problems occur in mills 
where a plurality of components are rotatably 
driven about parallel axes. Drive components for 
each of the rotatable members may be specified 
for disposition in a common Y-Z plane extending 

25 perpendicular to each of the respective rotational 
axes. Several of the rotatable members may be 
specified to lie in a common horizontal or X-Z 
plane, while others may be specified to lie in a 
vertical or X-Y plane. A complex machine of this 

30 type could include many alignment errors, any one 
of which could affect the quality of the finished 
product produced by the machine, the efficiency of 
the machine, the life of various components in the 
machine and the frequency of down-time for main- 

35 tenance or repairs. 

It can be difficult to perform all of the above 
described alignment checks with the prior art laser 
apparatus. In particular, some alignment checks 
must be performed sequentially with the prior art 

40 apparatus, and each sequential check may require 
a new setup of the laser alignment apparatus. It is 
desireable to minimize the number of setups and 
the time required for setups of the laser alignment 
machines. 

45 Certain types of alignment checks will produce 

inaccurate results due to unavoidable errors in a 
target location relative to a component being 
aligned. For example FIG. 1 schematically shows a 
prior art target T mounted to a rod R and used with 

50 a prior art laser apparatus (not shown) to check the 
X-axis and Y-axis position of a shaft S. If the rod R 
is perfectly aligned along the Y-axis, positions of 
the schaft S can be determined. However, precise 
vertical alignment of the rod R generally cannot be 

55 assured, and an exaggerated non-vertical alignment 
is shown by the line R\ This inevitable offset of the 
rod R' will introduce errors into the X-axis and Y- 
axis readings of the target T\ The Y-axis error is 
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indicated by dimension "a" in FIG. 1. This is re- 
ferred to as a sine error, in that the magnitude of 
"a" is a function of the sine of the angle between R 
and R\ Sine errors generally are small enough to 
be tolerated. The X-axis error is indicated by di- 
mension n b" and is a cosine error. Cosine errors 
can be very significant. The prior art laser appara- 
tus used to check offsets relative to two axes 
typically would yield one reading subject to a co- 
sine error. 

In view of the above, it is an object of the 
subject invention to provide a versatile laser align- 
ment apparatus that can be used to perform align- 
ment in a broad range of both complex and simple 
industrial applications. 

It is a further object of the subject invention to 
provide a laser alignment apparatus that minimizes 
setup time. 

A further object of the subject invention is to 
provide a laser apparatus that avoids multiple 
setups for alignments. 

Still an additional object of the subject inven- 
tion is to provide laser alignment apparatus for 
comparing one or more objects to be aligned to a 
plurality of frames of reference simultaneously. 

Yet a further object of the subject invention is 
to provide a laser apparatus that can avoid cosine 
errors. 

The subject invention is directed to a laser 
apparatus for generating a plurality of laser beams. 
The laser beams may be generated from a plurality 
of separate laser sources or from a single laser 
source that is optically divided. More particularly, 
the apparatus of the subject invention may com- 
prise means for generating a plurality of mutually 
perpendicular laser beams. The laser apparatus 
may further comprise means for generating at least 
one laser plane. The means for generating the 
laser plane may comprise a penta-prism that is 
operative to divert a laser beam through precisely 
90 • . The penta-prism may be rotatable about the 
input laser beam, such that the output laser beam 
sweeps a laser plane perpendicular to the input 
laser beam. The penta-prism, or other such beam 
diverter preferably is selectively movable into and 
out of the path of a laser beam produced by the 
apparatus. Thus, the apparatus is operative to ei- 
ther generate a laser beam or to sweep a laser 
plane orthogonal to the generated laser beam, de- 
pending upon the selected position of the penta- 
prism. 

In a preferred embodiment, the apparatus is 
operative to generate a plurality of mutually per- 
pendicular laser beams, each of which has a rotat- 
able penta-prism selectively movable into and out 
of the path of the generated laser beam. Thus, the 
apparatus may produce : a plurality of mutually 
perpendicular laser beams; a plurality of mutually 



perpendicular laser planes; or at least one laser 
beam and at least one laser plane parallel thereto. 

A maximum of three mutually perpendicular 
laser beams or three mutually perpendicular laser 

5 planes may be generated by the apparatus. This 
embodiment of the subject laser apparatus enables 
two mutually perpendicular laser planes to be gen- 
erated along with one laser beam parallel to both. 
Alternatively, this embodiment of the subject ap- 

10 paratus enables the generation of two mutually 
perpendicular laser beams and a laser plane par- 
allel to both. The simultaneous generation of at 
least one laser beam and at least one laser plane 
reduces the number of equipment set-ups and gen- 

;5 erally avoids the above described cosine errors. 

The mutual perpendicularity of the laser beams 
and/or laser planes produced by the subject laser 
apparatus is important for accurately aligning in- 
dustrial equipment. As a result, the laser apparatus 

20 of the subject invention preferably comprises 
means for initially achieving mutual perpendicular- 
ity and/or means for periodically adjusting the ap- 
paratus to assure mutual perpendicularity. The ad- 
justment means preferably is operative to achieve 

25 mutual perpendicularity to within one arc second or 
less. 

In a preferred embodiment, the laser apparatus 
further includes a plurality of mutually perpendicu- 
lar support surfaces each of which defines a plane 

30 perpendicular to one of the laser beams that may 
be generated by the apparatus, and/or parallel to 
one of the laser planes that may be swept by the 
apparatus. Thus, the laser beams and/or the laser 
planes may be oriented in any desired disposition 

35 relative to horizontal and vertical planes and/or 
relative to an apparatus to be aligned. 

The apparatus of the subject invention may 
include or be usable with at least one photocell 
target that is operative to identify precise coordi- 

40 nates of the center of energy of a laser beam 
impinging thereon. The apparatus may further in- 
clude or be usable with data processing means for 
calculating alignment and/or adjustment data based 
on input form at least one photocell target. 

45 The subject invention is further directed to a 

method for achieving mutual perpendicularity be- 
tween a plurality of laser beams. The method may 
include placing a first support surface of the laser 
apparatus on a substantially planar surface and 

50 generating a first laser beam substantially perpen- 
dicular to the support surface. The method further 
includes adjusting the first laser beam to achieve 
precise perpendicularity to the first support surface. 
This fine adjustment of the first laser beam can be 

55 achieved with a tilt plate, or other such adjustment 
mechanism incorporated into the apparatus. The 
rotational axis of the first penta-prism is then 
squared up to the first laser beam. The first penta- 
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prism then can be rotated to sweep a laser plane 
parallel to the first support surface. A second laser 
beam is generated from the apparatus to be ap- 
proximately perpendicular to the first laser beam 
and approximately parallel to the plane swept by 
the first laser beam. First and second targets, 
spaced from one another and adjustably mounted 
to a rigid fixture, are then employed to achieve 
parallelism between the first laser plane and the 
second laser beam. In particular, the fixture is 
placed close to the laser apparatus and the first 
and second target are adjustably moved on the 
fixture to be centered on the first laser plane and 
the second laser beam respectively- The fixture 
and targets are then moved further away from the 
laser apparatus (e.g. 20 feet). The fixture is posi- 
tioned so that the first target is centered on the first 
laser plane, and the second laser beam is adjusted 
to be centered on the second laser target. This 
latter adjustment will ensure that the second laser 
beam is parallel to the first laser plane. The rota- 
tional axis of the second penta-prism is then 
squared to the second laser beam. Thus, the plane 
swept by the second penta-prism will be parallel to 
the first laser beam and perpendicular to the first 
laser plane. The process may be completed for a 
third beam to ensure mutual perpendicularity be- 
tween all three beams and all three laser planes. 

The apparatus with plural mutually perpendicu- 
lar laser beams and/or plural mutually perpendicu- 
lar laser planes enables extremely effective laser 
alignment for many industrial applications. With 
reference to the hypothetical machine described 
above, the subject laser apparatus can enable ac- 
curate alignment with a single setup. For example, 
a first laser plane generated by the apparatus can 
be used as a reference to which Y-axis positions of 
the shafts can be compared. A second plane gen- 
erated by the apparatus can be used as a refer- 
ence to which X-axis positions of the shafts can be 
compared. A Z-axis position of a selected location 
on the shafts further can be compared by measur- 
ing offsets from the third mutually perpendicular 
plane. Non-rotating laser beams similarly can be 
used to check alignment of one or more compo- 
nents relative to a frame of reference. In effect, the 
apparatus of the subject invention creates an 
imaginary room with mutual perpendicular walls, 
ceiling and floor and enables extremely accurate 
measurements to that imaginary room to be devel- 
oped. In this manner, alignment checks and adjust- 
ments to a machine component can be made ac- 
curately with a single setup of the laser apparatus. 
Furthermore, measurements can be carried out to 
avoid the above described cosine errors that had 
been difficult to avoid with the prior art. 

The invention will now be described more par- 
ticularly with reference to the accompanying draw- 
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ings which show, by way of example only, a prior 
art assembly and embodiments of the invention. 

FIG. 1 is a schematic illustration of a prior art 
target assembly. 
5 FIG. 2 is a perspective view showing the diode 

mounting faces of an apparatus in accordance with 
the subject invention. 

FIG. 3 is a perspective view showing the laser 
projecting faces of the apparatus in FIG. 2, for 
io projecting three mutually perpendicular laser 
beams. 

FIG. 4 is a perspective view similar to FIG. 3, 
but with the scanners sweeping three mutually per- 
pendicular laser planes. 

75 FIG. 5 is a front elevational view of the appara- 

tus shown in FIGS. 2-4. 

FIG. 6 is a schematic cross-sectional view 
showing operative components of a laser emitter 
incorporated into the apparatus of the subject in- 

20 vention. 

FIG. 7 is a schematic illustration of the appara- 
tus of the subject invention in combination with a 
target assembly for accurately achieving perpen- 
dicularity of a plurality of laser beams. 

25 FIG. 8 is a perspective view of the laser ap- 

paratus in combination with a target for achieving 
mutual perpendicularity of laser beams. 

FIG. 9 is a schematic illustration of a second 
embodiment of the subject invention employing a 

30 single laser source and a beam splitter for generat- 
ing mutually perpendicular laser beams. 

FIG. 10 is a schematic illustration of a third 
embodiment using a single laser source and single 
mode optical fibers for generating a plurality of 

35 mutually perpendicular laser beams. 

FIG. 11 is a schematic illustration of a fourth 
embodiment using a single laser source and both a 
beam splitter and optical fibers for generating mu- 
tually perpendicular beams. 

40 A laser apparatus in accordance with the sub- 

ject invention is identified generally by the numeral 
10 in FIGS. 2 and 3. The apparatus 10 includes a 
housing 12 generally in the form of a substantially 
hollow cube with apertures extending entirely 

45 therethrough and connecting opposed faces of the 
housing 12. In particular, and with reference to FIG. 
2, the housing 12 includes first, second and third 
adjacent mutually perpendicular mounting faces 14, 
16 and 18 respectively. First, second and third 

so laser diode assemblies 20, 22 and 24 are mounted 
in the first, second and third mounting faces 14, 16 
and 18 respectively such that the diode assemblies 
20, 22 and 24 are oriented to project laser beams 
through the substantially hollow cubical housing 12. 

55 The housing 12 is further characterized by first 

through third laser projecting faces 26, 28 and 30 
respectively, as shown in FIGS. 3 and 4. The first 
laser projecting face 26 is in opposed substantially 
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parallel relationship to the first mounting face 14 of 
the housing 12. Similarly, the second laser projec- 
ting face 28 is in opposed parallel relationship to 
the second mounting face 16, and the third laser 
projecting face 30 is in opposed substantially par- 
allel relationship to the third mounting face 18. With 
this construction, a first laser beam from the first 
diode assembly 20 will project through the sub- 
stantially hollow housing 12 and from the first laser 
projecting face 26. Similarly, a second laser beam 
from the second diode assembly 22 will project 
through the housing 12 and from the second laser 
projecting face 28 of the housing. Still further, a 
third laser beam from the third diode assembly 24 
will project through the housing 12 and from the 
third laser projecting face 30 thereof. The first 
through third laser beams from the respective first 
through third diode assemblies 20-24 initially will 
be approximately mutually perpendicular. However, 
adjustment means incorporated into the housing 
12, as explained further herein, enables very pre- 
cise mutual perpendicularity to be achieved for the 
laser beams being projected from the first through 
third laser projecting faces 26-30 respectively of 
the housing 12. 

The first through third laser projecting faces 
26-30 are provided with first through third hingedly 
mounted scanners 32, 34 and 36 respectively. 
Each scanner 32-36 includes a penta-prism therein 
which is operative to receive an input laser beam 
and reflect the input laser beam through an angle 
of 90°. Each of the scanners 32-36 may be hin- 
gedly rotated into alignment with the laser beam 
projected from the respective first through third 
laser diode assemblies 20-24, as shown in FIG. 4. 
Alternatively, each of the scanners 32-36 may be 
hingedly rotated into an alignment where they are 
offset from the laser beam projecting from the 
respective first through third laser diode assem- 
blies 20-24, as shown in FIG. 3. For example, with 
reference to FIG. 5, the third scanner 36 is illus- 
trated as being rotated into an off-line position 
which permits the laser beam B3 emitted from the 
third laser diode assembly (not shown) to be pro- 
jected perpendicularly from the plane defined by 
the first laser projecting face 30. Alternatively, the 
first and second scanners 32 and 34 respectively 
are hingedly rotated into the parts of the laser 
beams projected from the respective first and sec- 
ond laser diode assemblies. Thus, the respective 
first and second laser beams B1 and B2 respec- 
tively are reflected 90* and extend substantially 
parallel to the planes defined by the first and 
second laser projecting faces 26 and 28 of the 
housing 12. 

Each of the first through third scanners 32-36 
is provided with a magnetic catch illustrated and 
described in greater detail below to releasably lock 



the respective scanner 32-36 in the hinged orienta- 
tion for diverting the laser beam 90 v Other hinged, 
swivelling or tilting means could be provided to 
selectively position the respective scanner 32-36 in 

5 and out of the path of the associated laser beam. 
Additionally, each of the first through third scanners 
32-36 is rotatable about the axis of the input laser, 
as illustrated in FIG. 4. Rotation of the scanners 32- 
36 can enable the diverted laser beam B1, B2 and 

10 B3 to generate laser planes P1, P2 and P3 per- 
pendicular to the laser beams approaching the 
respective scanners 32-36. 

FIG. 6 schematically illustrates the first diode 
assembly 20 mounted to the first mounting face 14 

75 of the housing 12, and the first scanner 32 moun- 
ted to the first laser projection face 26 of the 
housing 12. A portion of the housing 12 intermedi- 
ate the first mounting face 14 and the first laser 
projection face 26 has been omitted for simplifica- 

20 tion of this schematic illustration. It is to be under- 
stood, however, that the second and third diode 
mounting assemblies 22 and 24 and the second 
and third scanner assemblies 34 and 36 are sub- 
stantially identical. Additionally, it is to be under- 

25 stood that all three laser beams intersect in per- 
pendicular alignment to one another substantially at 
the center of the housing 12. 

The first diode assembly 20 includes a base 
plate 38 mounted to the housing 12. A laser emit- 

30 ting diode 40 is mounted to the base plate 38 and 
is disposed to direct a laser beam B1 toward the 
first laser projection face 26 of the housing 12. A 
tilt plate 42 is adjustably mounted to the base plate 
38 by nylon tipped set screws 44 which enable 

35 independent adjustment of pitch and yaw. The tilt 
plate 42 is an annular member through which the 
first laser beam B1 may pass. However, a thin 
transparent mylar sheet 46 extends across the an- 
nular support of the tilt plate 42. The mylar film 46 

40 preferably defines a thickness of approximately 
0.0075 inch or 0.2 mm, with opposed faces of the 
mylar film 46 being parallel to one another. The 
mylar film 46 functions as any transparency 
through which a light beam is projected. In particu- 

45 lar, a beam impinging on a transparency at an 
angle refracts in one direction upon entry into the 
transparency and refracts back in the opposed 
direction upon exiting the transparency. Thus, the 
exiting beam is parallel to the entering beam but is 

50 offset therefrom. The amount of offset or shift is a 
function of the thickness of the transparency, the 
index of refraction and the angle of the beam to the 
mylar film 46. Thick transparent sheets cause a 
relatively large shift between the entering and ex- 

65 iting beams. Conversely, thin sheets, such as the 
thin mylar sheet 46 cause relatively minor shifts. 
By turning the set screws 44, the tilt plate 42 can 
be tilted relative to the incoming laser beam B1. 
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This tilting can cause a shift in the first laser beam 
B1 upon exiting the mylar film 46. In view of the 
very small thickness of the mylar film 46, relatively 
gross adjustments in the angular alignment of the 
tilt plate 42 are operative to cause very small shifts 
in the first laser beam B1 exiting from the mylar 
film 46. Thus, shifting of the first laser beam B1 
can be precisely controlled. 

The laser assembly 20 further includes a lens 
48 for focusing and aligning the first laser beam 
B1. In particular, the first laser beam B1 will exit 
from the lens 48 at an angle which varies in accor- 
dance with the relative axial position of the entering 
laser beam B1 . As noted above, the laser beam B1 
exiting the mylar film 46 of the tilt plate 42 can be 
shifted by altering the position of the set screws 
44. This effectively shifts the axial position of the 
first laser beam B1 entering the lens 48, and there- 
by alters the angle of the beam exiting the lens 48. 
As explained above and further herein, the com- 
bination of the tilt plate 42 and the lens 48 are 
used to alter the alignment of the first laser beam 
B1 relative to the walls of the generally cubical 
housing and relative to the second and third laser 
beams B2 and B3 for achieving mutual perpendicu- 
larity therebetween to within one arcsecond. 

A laser beam is not of uniform intensity over its 
entire cross-section, and is not symmetrical about 
its central axis. Rather, the energy of a laser beam 
decreases substantially at further distances from 
the center of the beam. Additionally, the rate of 
change is not uniform across all axes. The diode 
laser beam defines an elliptical cross-section of 
energy. Additionally, the center of energy produced 
by a diode laser will periodically shift in accor- 
dance with temperature and the manner by which it 
has been handled. Many laser systems require re- 
centering or calibrating operations to be performed 
prior to each usage. The apparatus 10 avoids those 
problems that were present in some prior art lasers 
by providing a hollow spindle with a flooded ap- 
erture. In particular, a spindle 50 is rotatably moun- 
ted within bearings 52. The spindle 50 includes a 
bore 54 extending axially therethrough. The bore 
54 is characterized by a large entry 56 facing 
inwardly on the housing 12 and toward the laser 
diode 40. The bore 54 is further characterized by 
an exit aperture 58 facing outwardly from the hous- 
ing 12. The exit aperture 58 from the bore 54 is 
small compared to the entry 56 to the bore 54. The 
interior surface of the bore 54 preferably is threat- 
ed to define an array of internal ridges that mini- 
mize the amount of laser light reflecting off the 
interior surfaces of the bore 54 and toward the 
aperture 58. Aperture 58 is concentric to the axis of 
rotation of the spindle so any movement of input 
beam does not cause the output beam to vary its 
position. With this construction, the exit aperture 58 
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from the bore 54 is flooded by the laser light 
entering the bore 54. Thus, only the center most 
portion of the incoming laser beam B1 passes 
entirely through the spindle 50. The less intense 
5 fringe regions of the entering laser beam B1 are 
effectively culled to achieve a beam having a sub- 
stantially circular cross-section of substantially uni- 
form intensity thereacross. Furthermore, by pre- 
cisely manufacturing the spindle 50, minor shifts of 

io the diode 40 due to temperature, handling and 
other factors become irrelevant. Rather, a centered 
beam B1 of uniform intensity and circular cross- 
section is assured without the frequent re-centering 
of the diode that had been required with prior art 

is systems. 

The apparatus 10 further includes a motor for 
rotatably driving the spindle 50 within the bearings 
52 and about the rotational axis of the laser beam 
B1. The electric motor is illustrated schematically 

20 in FIG. 6 and is identified generally by the numeral 
60. A switch 62 enables selective operation of the 
motor 60. Comparable rotatable driving means 
preferably are provided for the other two lasers of 
the apparatus 10. The spindle 50 further includes 

25 adjustment screws 63 which enable the rotational 
axis of the spindle 50 to be coincident with the axis 
of the first laser beam B1. 

The first scanner 32 is rigidly mounted, to the 
exterior end of the spindle 50. Thus, the scanner 

30 32 will selectively rotate with the spindle 50. The 
first scanner 32 includes a scanner base 64 which 
defines the portion of the scanner 32 that is rigidly 
connected to the spindle 50. A scanner cap 66 is 
pivotally connected to the scanner base 64. The 

35 scanner cap 66 houses a penta-prism 70 which is 
aligned with the first laser beam B1 passing from 
the flooded exit aperture 58 of the spindle 50. The 
penta-prism 70 is operative to internally reflect the 
laser beam such that the exiting portion of the first 

40 laser beam B1 is aligned orthogonally to the in- 
coming portion thereof. 

When the scanner cap 66 is in the pivoted 
condition depicted in FIG. 6, the portion of the first 
laser beam B1 exiting therefrom will be orthogonal 

45 to the portion of the first laser beam B1 entering 
the scanner 32. Additionally, with the scanner cap 
66 in the pivoted orientation depicted in FIG. 5, a 
portion of the first laser beam B1 exiting from the 
scanner 32 will be substantially parallel to the first 

so laser projecting face 26 of the housing 12. Alter- 
natively, the scanner cap 66 can be pivoted ap- 
proximately 180* about a hinge pin (not shown) 
such that the penta-prism 70 is offset from the first 
laser beam B1 passing from the flooded exit ap- 

55 erture 58 of the spindle 50. In this disposition of the 
scanner cap 66, the first laser beam B1 will con- 
tinue along its original axis, and will not be re- 
flected into the orthogonal alignment shown in FIG. 

6 
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6. 

Mutual perpendicularity of the beams B1, B2 
and B3 and mutual perpendicularity of the planes 
P1, P2 and P3 is important for the apparatus 10 to 
achieve its full potential. The beams B1-B3 and the 
planes P1-P3 generally will be accurately aligned 
prior to the initial sale of an apparatus 10. The 
alignment typically will not be altered or adjusted 
by the technician performing a machine alignment 
with the apparatus 10. However, alignment may be 
checked and adjusted from time to time as de- 
scribed herein. 

With reference to FIGS. 3, 4, 7 and 8, a de- 
sireable first step in an alignment process is to 
square the first laser beam B1 to the first mounting 
face 14 of the housing 12. This preliminary align- 
ment step can be carried out by simply placing the 
first mounting face 14 of the housing 12 on an 
approximately planar surface and pivoting the first 
scanner 32 into its off-line orientation. The first 
laser beam B1 is then projected approximately 
orthogonally from the surface on which the first 
mounting face 14 is positioned. Available targets 
are employed and the set screws 44 are adjusted 
to make the first beam B1 orthogonal to the first 
diode mounting face 14. 

The second step in the alignment process is to 
square the axis of rotation of the spindle 50 on the 
first beam B1 by using the adjustment screws 63. 
This assures that the first plane P1 is perpendicular 
to the first laser beam B1 and parallel to the first 
diode mounting face 14. 

The third step in the alignment process is to 
make the second laser beam B2 orthogonal to the 
second mounting face 16 of the housing 12, in 
substantial the manner used in step one. 

The fourth step in the alignment process is to 
align the second laser beam B2 to be parallel to 
the first laser plane P1. This is accomplished by 
using a target apparatus 80 having a rod, or other 
such fixture, with first and second laser targets T1 
and T2 thereon as shown in FIG. 7. The distance 
"D" between the targets T1 and T2 is adjusted to 
be equal to the actual distance between the first 
laser plane P1 and the second laser beam B2 
when the target fixture is near the laser. The target 
apparatus 80 is moved and mounted at a further 
distance from the apparatus 10. The first target T1 
is centered on the first laser plane and readings of 
the second laser beam B2 on the second target T2 
are taken. These readings provide an accurate 
measurement of the actual distance between the 
first laser plane PI and the second laser beam B2 
for the farther position of the target apparatus 80. If 
the first laser plane P1 and the second laser beam 
B2 are parallel, the distances therebetween will be 
identical for the near and far locations of the target 
apparatus 80. If these respective readings are not 
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identical, the alignment of the second laser beam 
B2 will be adjusted by using the tilt plate for the 
second laser beam B2 as described with reference 
to FIG. 6. 

5 The axis of rotation of the second spindle with 

the second laser beam B2 is aligned to be co- 
incident with the second laser beam B2, as ex- 
plained with respect to the second step above. At 
this point in the alignment procedure, the second 

io laser beam B2 has been made parallel to the first 
laser plane P1 and hence perpendicular to the first 
laser beam B1. Additionally, the alignment of the 
second spindle to the second laser beam B2 as- 
sures that the second laser plane P2 is perpendicu- 

;s lar to the second laser beam B1 and perpendicular 
to the first laser plane P1. It follows that the second 
laser plane P2 will be parallel to the first laser 
beam B1, and the alignment can be checked as 
explained in step four above. 

20 The alignment procedure continues by making 

the third laser beam B3 parallel to both the first 
and second laser planes P1 and P2. This can be 
done by carrying out step four twice, namely once 
for the first laser plane P1 and again for the second 

25 laser plane P2. Alternatively, this phase of the 
alignment procedure can employ a generally L- 
shaped target apparatus 82 having three photosen- 
sitive targets T3, T4 and T5 thereon as shown in 
FIG. 8. The target T3 is located at the intersections 

30 of the legs of the L-shaped target apparatus 82. 
The targets T4 and T5 are located on the respec- 
tive legs and at the distance D from the target T3. 
The target apparatus 82 is positioned at a selected 
distance from the apparatus 10 such that the target 

35 T3 is impinged upon by the third laser beam B3 
and such that the targets T4 and T5 are impinged 
upon by the first and second laser planes P1 and 
P2. The target apparatus is fixtured such that the 
three targets are substantially zeroed out on the 

40 third laser beam B3 and the first and second laser 
planes P1 and P2 respectively. The target appara- 
tus 82 is then moved further from the laser appara- 
tus 10, and additional readings are obtained. If the 
third laser beam B3 is perfectly parallel to the first 

45 and second laser planes P1 and P2, the readings 
will be substantially identical at the first and second 
distances from the laser apparatus 10. If the read- 
ings are not identical, however, adjustments to the 
alignment of the third laser beam B3 to bring the 

50 third laser beam into parallel with the first and 
second laser planes PI and P2. 

As a final step, the third spindle is centered on 
the third laser beam B3 as described above. Thus, 
the third laser plane P3 will be perpendicular to the 

55 third laser beam B3, and hence will also be per- 
pendicular to the first and second laser planes P1 
and P2. 
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The above described embodiment shows a 
separate laser source for generating each of the 
mutually perpendicular laser beams. The apparatus 
can, however, use only a single laser source and 
appropriate optical means for generating a plurality 
of mutually perpendicular output laser beams. In 
particular, with reference to FIG. 9, a single laser 
emitting diode 140 is provided for emitting an input 
laser beam 142. The input beam 142 is directed 
from the laser diode 140 to a beam splitter assem- 
bly 144. The beam splitter assembly includes a 
first beam splitter 146 which functions to transmit 
approximately 70% of the input beam 142 substan- 
tially along the axis of the input beam 142. The 
remaining 30% of the input beam 142 is reflected 
substantially precisely 90 • to define an output la- 
ser beam B1. The beam splitter assembly 144 
further includes a second beam splitter 148 which 
functions to transmit approximately one half of the 
laser beam impinging thereon along substantially 
the same axis as the input beam 142. The portion 
of the laser beam transmitted axially through the 
second beam splitter 148 defines output beam B2, 
as shown in FIG. 9. The remaining portion of the 
laser beam impinging upon the second beam split- 
ter 148 is reflected 90* and defines the third 
output laser beam B3. The apparatus employing 
the laser assembly depicted in FIG. 9 will further 
include a lens, a tilt plate and a scanner assembly 
for each of the output beams B1, B2 and B3. 

FIG. 10 schematically illustrates a third em- 
bodiment for generating three mutually perpendicu- 
lar laser beams from a common source. In particu- 
lar, a diode laser source is identified generally by 
the numeral 240 in FIG. 10 and is operative to 
generate a laser beam 242 towards a focusing lens 
244. The focusing lens directs the laser beam 242 
toward ends of three single mode optical fibers 
246, 248 and 250. The optical fibers 246-250 will 
extend along a convenient and efficient path in the 
laser alignment apparatus and will be directed to- 
ward lenses, tilt plates and scanner assemblies as 
described above. It will be appreciated that in this 
embodiment the laser source 240, the focusing 
lense 244 and portions of the optical fibers 246-250 
may be at a location remote from other portions of 
the apparatus, including the tilt plates and scan- 
ners. 

FIG. 11 illustrates a fourth embodiment using 
elements of all three previous embodiments. In 
particular, FIG. 11 shows a laser source 340 for 
generating a laser beam 342. A beam splitter as- 
sembly 344 includes a first beam splitter 346 for 
generating a first output beam B1. A second beam 
splitter 348 generates second and third output 
beams B2 and B3 respectively. The first through 
third output beams B1-B3 are directed respectively 
toward first through third single mode optical fibers 



350, 352 and 354. The optical fibers 350-354 may 
then extend to focusing lenses, tilt plates and scan- 
ner assemblies as described in the previous em- 
bodiments. 

5 While the invention has been described with 

respect to a preferred embodiment, it is apparent 
that various changes can be made without depart- 
ing from the scope of the invention as defined by 
the appended claims. 

w 

Claims 

1. A laser apparatus characterized in that it com- 
prises a housing, and laser generating means 

75 mounted in the housing for generating a plural- 

ity of laser beams generally perpendicular to 
one another. 

2. An apparatus as in claim 1, characterized in 
20 that it comprises beam adjustment means dis- 
posed in alignment with at least one of said 
laser beams for adjusting alignment of the la- 
ser beams to achieve accurate perpendicular- 
ity therebetween. 

25 

3. An apparatus as in claim 2, characterized in 
that the laser means is operative to generate 
three mutually perpendicular laser beams, and 
wherein the beam adjustment means com- 

30 prises at least two beam adjustment means 

disposed respectively in paths of at least two 
of said laser beams. 

4. An apparatus as in claim 2, characterized in 
35 that the beam adjustment means comprises a 

planar transparency adjustably mounted in the 
housing for selected non-perpendicular align- 
ment to the laser beam. 

40 5. An apparatus as in claim 1, characterized in 
that it comprises at least one spindle rotatably 
mounted to the housing for rotation about an 
axis substantially coincident with at least one 
of said laser beams, and at least one beam 

45 diverter rigidly mounted to the spindle for rota- 

tion therewith, said beam diverter being oper- 
ative to divert the associated laser beam 90 0 , 
whereby rotation of the spindle about its axis 
of rotation causes the diverted laser beam to 

50 sweep a plane substantially perpendicular to 

the laser beam impinging upon the beam 
diverter. 

6. An apparatus as in claim 5, characterized in 
55 that it comprises a plurality of said spindles. 

each said spindle having one said beam diver- 
ter rigidly mounted thereto for rotation with the 
respective spindle, whereby the respective 
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beam diverters are operative to sweep a plural- 
ity of mutually perpendicular planes. 

7. An apparatus as in claim 6, characterized in 
that at least one said beam diverter is pivotab- 
ly mounted to the associated spindle for rota- 
tion into a position spaced from the associated 
laser beam. 

8. An apparatus as in claim 1, characterized in 
that the laser generating means consists of a 
single laser diode for producing an input laser 
beam, and wherein said apparatus further com- 
prises optical means for producing the plurality 
of generally perpendicular laser beams from 
the input beam. 
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sitive targets mounted to the frame, each said 
target being operative to sense the location of 
a laser beam impinging thereon, the first and 
second targets being spaced from the third 
target by distances substantially equal to the 
distance between the third laser beam and the 
first and second laser planes and being dis- 
posed with respect to one another such that a 
line connecting the first and third targets is 
orthogonal to a line connecting the second and 
third targets, said target assembly enabling 
adjustment of the laser apparatus to achieve 
mutual perpendicularity between the first, sec- 
ond and third laser beams. 



is 



9. An apparatus as in claim 8, characterized in 
that said optical means comprises a plurality of 
single mode optical fibers having ends aligned 
to receive the input beam from the single laser 
diode, said optical fibers extending to locations 
for generating the plurality of laser beams gen- 
erally perpendicular to one another. 

10. A laser apparatus characterized in that it com- 
prises a ; housing, first, second and third laser 
diodes for projecting first, second and third 
laser beams from the housing, each said laser 
beam having a central axis, and the axes of 
said laser beams being perpendicular, first, 
second and third focusing lenses mounted in 
the housing for focusing the respective first, 
second and third laser beams, first, second 
and third beam shifting means mounted to the 
housing intermediate the first, second and third 
laser diodes and the respective first, second 
and third focusing lenses for shifting the laser 
beams approaching the respective first, sec- 
ond and third lenses and thereby selectively 
altering alignment of the laser beams passing 
from the respective first, second and third fo- 
cusing lenses for assuring accurate perpen- 
dicularity of the beams, first, second and third 
beam diverters mounted to the housing for 
rotation about axes coincident with the axes of 
the respective first, second and third laser 
beams, said first, second and third beam diver- 
ters diverting the respective first, second and 
third laser beams 90° and, motor means 
mounted to the housing for selectively rotating 
the first, second and third beam diverter for 
sweeping first, second and third substantially 
perpendicular laser planes. 

11. A laser apparatus as in claim 10, characterized 
in that it comprises a target assembly having a 
frame and first, second and third photosen- 
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© A laser alignment apparatus is provided for gen- 
erating a plurality of mutually perpendicular laser 
beams. The apparatus further includes rotatable 
beam diverters selectively hingedly moveable into or 
out of positions for diverting one of the laser beams. 
The beam diverters may be rotated about an axis 
coincident with the associated laser beam for sweep- 
ing laser planes. The laser planes swept by the 
respective beam diverters are mutually perpendicu- 
lar to one another, and each laser plane is parallel to 
the other beams generated by the apparatus. 
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